Despite the literature supporting the efficacy of vertebroplasty for treatment of osteoporotic vertebral compression fractures, few reports exist documenting its use in the treatment of compression fractures in multiple myeloma patients. Accordingly, we sought to characterize the imaging characteristics, clinical course, and outcomes in myeloma patients treated with vertebroplasty.
P
ercutaneous vertebroplasty, initially conceived and developed in Europe for use in painful spinal compression fractures of malignant etiology, [1] [2] [3] [4] has predominantly been used in the United States for treatment and palliation of painful benign vertebral compression fractures secondary to osteoporosis. The rapid adoption and use of the procedure are, in part, due to the enormous success of this treatment in conferring rapid and long-lasting improvements in pain and mobility. 5, 6 Patients with multiple myeloma are at high risk for vertebral compression fracture, and use of vertebroplasty is expanding into this patient population. [1] [2] [3] [4] Myeloma patients are susceptible to compression fractures due to osteoporosis, which results from both the molecular pathophysiology of their disease and frequent use of corticosteroids in the medical management of their disease. Most myeloma patients have both diffuse and focal bone involvement due to direct invasion by myeloma cells. In addition, a cytokine-mediated imbalance of osteoclast (bone resorption) and osteoblast (rebuilding) function leads to systemic osteoporosis and spontaneous fracture.
Although many large prospective studies demonstrating the efficacy of vertebroplasty in the treatment of benign vertebral compression fractures have been published, 1, 4, 5, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] the data supporting its use in the treatment of compression fractures in patients with multiple myeloma remain limited. Several small studies and case series have demonstrated a beneficial effect, 1, 2, [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] but the largest sample size is composed of only 18 patients. Many barriers prevent the accumulation of a large patient cohort in the myeloma population, and these include reduced survival time of myeloma patients, the relative rarity of vertebroplasty treatment in myelomatous fractures, and a higher threshold of treatment criteria for patients with diffuse disease. In addition, some of these reports did not fully quantify postprocedural improvements in clinical outcomes, such as pain and mobility, making it difficult to assess the efficacy of vertebroplasty in their study population. In an effort to address concerns and limitations of small sample size and to better quantify the efficacy of vertebroplasty in the myeloma population, we describe a retrospective study of 67 patients with pathologic and radiographic evidence of multiple myeloma who underwent vertebroplasty with follow-up after treatment of 1 year to assess the change(s) in pain, mobility, and function.
Methods
We performed a retrospective analysis of 67 patients with multiple myeloma within our pool of more than 800 study participants who were treated with vertebroplasty between October 2000 and March 2007. Three of these patients have been included in a previous report not specifically related to their disease process. 10 Institutional review board (IRB) approval was obtained for this study, and all of the pertinent data and records were handled in a manner consistent with Health Insurance Portability and Accountability Act guidelines. Data included in this study were limited to the first vertebroplasty procedure in a given patient with a biopsy-proven diagnosis of multiple myeloma, plasmacytoma, or plasma cell-proliferative disease. This was done to limit the potential confounding effects of recurrent fracture and treatment. Eighteen patients were disqualified from vertebroplasty based on the following criteria: 1) lack of compression fracture, 2) improvement with conservative management, 3) technical contraindications, or 4) noncorrelating pain to avoid confounding outcome effects in the data analysis. In patients with multiple fractures, identification of painful levels was done by both physical examination and imaging. Pain on palpation and/or marrow edema within the vertebral body were used to target which levels to treat with vertebroplasty. Treatment data, including procedure dates, diagnosis dates, approximate onset of symptoms, procedural data, and procedural notes, including radiologic interpretations, were obtained from archived institutional electronic medical records. Outcome data were retrieved from a single IRB-approved electronic vertebroplasty database composed of approximately 800 patients treated at our medical center since the study inception in 1999. Responses from study participants had previously been collected in person (for immediate prevertebroplasty and postvertebroplasty responses) and over the telephone (for follow-up at 1 week, 1 month, 6 months, and 1 year after treatment).
Diagnostic Evaluation
The diagnosis of myeloma or plasmacytoma was made by using standard clinical criteria. 32 Radiographic evaluation of myeloma patients consisted primarily of MR imaging supplemented with CT imaging and/or bone radiographs for osteoporotic involvement. Electronic archives of the primary imaging results and radiologic interpretations were reviewed by experienced staff radiologists for this study (including K.R.T. and D.F.K.). MR imaging of 66 of the 67 patients, by using appropriate spin-echo enhancement and signal intensity-suppression techniques to enhance malignant marrow lesions, was assessed for typical radiologic criteria (eg, low T1-weighted signal intensity and high T2-weighted signal intensity) and pattern of spinal involvement.
In an effort to characterize the nature of the treated compression fractures, preoperative MR images were assessed to group the fractures into 3 categories. Type 1 compression fractures were classified by using the following morphologies: 1) at least some portion of the vertebral body with normal-appearing fatty marrow; 2) no evidence of pedicle involvement or epidural or paraspinal disease; and 3) absence of focal or diffusely abnormal marrow signal intensity from treated vertebral body (may or may not have been present in other vertebrae). Type 2 compression fractures were considered indeterminate for underlying lesion and were classified as follows: diffusely low T1 marrow signal intensity of the treated vertebral body with no evidence of normal, high T1, signal intensity and absence of paraspinal disease that would suggest underlying focal lesion. Type 3 compression fractures were defined with the following characteristics: MR evidence of underlying lesions with obvious focal involvement and pedicle involvement, paraspinal disease, and/or epidural disease. The appearance of adjacent or surrounding marrow from the treated vertebrae had no impact on these categories. We also characterized MR findings in vertebral bodies separate from the treated vertebra as fol- 
Vertebroplasty Procedure
Vertebroplasties were performed by 7 experienced staff radiologists at our medical center using methods as described previously. 16 Intravenous conscious sedation and regional local anesthesia for superficial and deep tissues of the targeted spinous pedicle(s) were used as necessary. Needle trajectory, advancement, and guidance were monitored using biplanar fluoroscopy. Polymethylmethacrylate (PMMA) cement was prepared as described previously. 3, 16 Cement injection was terminated when the PMMA level approached the posterior one fourth of the vertebral body as visualized on the lateral projection or in any case when epidural, venous, or transendplate extravasation was observed. After needle removal, patients were discharged after 1 hour of strict bed rest.
Outcome Measures
Quantitative outcome measures, including the Roland-Morris Disability Questionnaire (RDQ; graded 1-23 as described previously [34] [35] [36] ) and derivatives of the Visual Analog Scales for "pain at rest"
and "pain with activity" (analog pain scale, graded 0 -10), were collected at each time point by trained nurses in the hospital (preoperatively and postoperatively) and over the phone (later time points, 1 week, 1 month, 6 months, and 1 year). In addition, qualitative measures of clinical outcome (mobility change, narcotic medication use, and pain improvement) were similarly collected. Qualitative outcomes after vertebroplasty were numerically transformed for analysis as follows: complete resolution (ϩ2), improvement (ϩ1), no change (0), and worse than before procedure (Ϫ1). Responses for each numerically transformed qualitative measure were averaged at each time point to approximate the qualitative change in response relative to other time points. Patients who were unable to be reached by phone, after 3 attempts, were designated as nonrespondents for that specific time point. Nonrespondent status of a patient at a given time point did not exclude the patient from contact at a later time point unless the patient no longer wished to participate in the study.
Statistical Analysis
Continuous and ordinal datasets are presented as continuous range data, whereas nominal data are presented as discrete percentage data. Pairwise nonparametric correlations between continuous datasets were interpreted by using Spearman Rho coefficient, whereas nonparametric pairwise correlations between nominal and continuous datasets were analyzed by using the Wilcoxon rank-sum test. Significance was estimated by P values (eg, the probability that 2 observations are not meaningfully different), reported at or below the fifth percentile. Confidence intervals were presented at the 95th percentile in all of the cases. Statistical analyses were performed by using JMP version 6.0 software (SAS Institute, Cary, NC).
Results
We identified 67 patients with a diagnosis of myeloma (mean age, 66.2 years old; 37 of 67 men [55%]) from our population of more than 800 patients treated with percutaneous vertebroplasty from October 2000 to May 2007. Some of these patients have been included in a previous publication detailing our complete vertebroplasty experience, but they were not specifically evaluated separately from the entire database. 37 Sixty-six of the 67 patients had concomitant preoperative MR imaging studies, with 7 of these patients having outside imaging and the remaining 59 having MR imaging performed at our medical center. Among these 66 patients, MR imaging modalities identified 16 patients with diffuse (stage III) disease (24%), whereas the remaining 50 patients (76%) had myeloma limited to 10 or fewer vertebral bodies, consummate with more localized (stage II) disease. Of the treated vertebral levels in patients with available imaging studies (eg, digital copies of MR studies), 37 patients (64%) had no obvious myelomatous SPINE ORIGINAL RESEARCH involvement of the symptomatic compression fracture site (type 1), 14 patients (24%) had indeterminate myelomatous involvement (type 2), and 7 patients (12%) appeared to have symptomatic compression fractures in vertebral bodies associated with myeloma (type 3). Representative examples of each compression fracture type are shown in Fig 1. Twelve (17%) of our patients showed subsequent radiographic evidence of compression fractures after vertebroplasty. Of these 12 fractures, 5 were deemed symptomatic and were treated with a second vertebroplasty, and 7 were deemed asymptomatic. Of the symptomatic cases, 2 (40%) occurred within 12 months (2 and 3 months) of the original vertebroplasty, and 3 were adjacent to the site of treatment. Of the asymptomatic cases, 4 (57%) occurred within 12 months (2, 6, 8, and 10 months) of the original vertebroplasty, and 4 were adjacent to the site of treatment. Exclusion of these 5 patients from our data analysis did not significantly affect outcomes presented below.
Thirteen patients (19%) experienced some form of minor procedural complication, including 6 patients (9%) with inadvertent disk-space injection, 4 (6%) with paravertebral space injection, and 3 (4%) with cement embolus to the epidural vein without clinical sequelae. None of these complications were found to be symptomatic at the time or were felt to confound subsequent objective or subjective clinical outcome measures.
Treated Levels
Vertebroplasty was performed on 114 vertebral levels in the 67 patients in our study group. In this patient group, the mean number of fractured vertebrae (mean, 5.4; SD, 3.1) was much greater than the mean number of treated vertebrae (mean,1.7; SD, 0.8) per patient (Fig 2) . The mean number of untreated asymptomatic vertebral compression fractures was 4.2 per patient. No significant differences were observed in affected or treated levels between male and female patients (affected level P ϭ .68; treated level P ϭ .82). As described previously, a bimodal distribution of fractures was observed, centering at T7/T8 and at the thoracolumbar junction (T12-L2) in both the treated (Fig 2A) and affected (Fig 2B) vertebral levels. 10 Cervical involvement, though rare, was never treated with vertebroplasty, because all of these patients had concomitant disease at lower symptomatic load-bearing vertebral levels.
Time to Treatment
The median time between diagnosis of myeloma and treatment was 27 months, with a range of 1-133 months (Fig 3) . Thirty four (50%) of the patients received treatment (eg, vertebroplasty) within 12 months of diagnosis. Specific review of the medical records suggests that a shorter time to vertebro- plasty was a function of a painful compression fracture being the presenting symptom of disease. With this in mind, we decided to further investigate the temporal relationship between onset of symptoms, diagnosis, and treatment. The median time between onset of symptoms (back pain with subsequent radiologic evidence of compression fracture) to treatment was 1.6 months, with a range of 0.6 -24.0 months in 66 of the 67 patients. Similarly, the median time between diagnosis of myeloma and onset of symptoms (back pain with subsequent radiologic evidence of compression fractures) was 23.5 months, with 5 patients having symptoms longer than their initial diagnosis (range of 8.0 months to 0.5 months before diagnosis) and 61 patients having symptoms of shorter duration than their diagnosis (range of 0 -132 months after diagnosis).
Clinical Outcome Analysis
Analog pain scale data were collected postoperatively on all 67 of the patients. To date, 62 of the 67 patients had quantitative (analog pain at rest/activity and RDQ) and qualitative (change in mobility, change in narcotic drug use, and change in pain with rest and pain with activity) subjective outcome data collected at the 1-month end point, 60 of the 67 at the 6-month end point, and 42 at the 1-year end point. Lack of postprocedure outcome data was either due to insufficient follow-up time due to recent treatment, loss to follow-up for unknown reasons, or death. Of the 25 patients missing follow-up data 1 year after vertebroplasty, 11 (44%) had vertebroplasty recently (Ͻ1 year ago), 6 (24%) were lost to follow-up for unknown reasons, and 8 (32%) had died.
Semiquantitative Outcome Analysis
All 3 of the quantitative outcome measures of pain (analog scale rest pain, analog scale activity pain, and RDQ score) showed significant decreases in postoperative scoring (Fig 4; note RDQ score was not collected immediately postoperatively). Before vertebroplasty, mean scores (Ϯ SD) were 19.5 (Ϯ 3.44), 3.9 (Ϯ 0.65), and 8.5 (Ϯ 0.35) for the RDQ and analog measures of "pain at rest" and "pain with activity," respectively. RDQ scores were significantly improved (P Ͻ .0001) 1 week after vertebroplasty (median improvement of 11 points; 48%; 95% confidence interval [CI]: Ϫ7.7 to Ϫ14.3) with persistence of this improvement at 6 months (P Ͻ .0001 compared with preprocedure scores) and 1 year (P Ͻ .01 compared with preprocedure scores) with no statistically significant differences among the postprocedure scores. Analog pain scale data for "pain at rest" significantly improved after vertebroplasty (P Ͻ .01 immediately after the procedure; P Ͻ .001 at 1 week after) with a median improvement of 2.7 points at 1 week (25%; 95% CI: 1.7 to Ϫ3.7) and remained improved at 6 months (P Ͻ .01 compared with preprocedure scores) and 1 year (P Ͻ .03 compared with preprocedure scores), with no significant intervening change in score. Analog pain scale data for "pain with activity" significantly improved after vertebroplasty (P Ͻ .0001; median 5.3 point improvement at 1 week; 48%; 95% CI: Ϫ4.2 to Ϫ6.4) and remained improved at 6 months (P Ͻ .001 compared with preprocedure scores) and 1 year (P Ͻ .001 compared with preprocedure scores) with some intervening fluctuation in scores.
Subjective Outcome Analysis
Subjective assessments of pain (rest and activity), relative to preprocedural levels, were monitored over the 1-year follow-up period beyond vertebroplasty treatment. Much like the objective pain outcome results, subjective pain assessments showed a significant reduction in both rest-and activity-associated pain immediately after vertebroplasty. With regard to rest pain, 22 patients (45%) reported complete resolution of pain after vertebroplasty, 18 patients (37%) reported a significant reduction in pain, and 8 patients (16%) reported no change in their pain, whereas 1 (2%) reported increased pain immediately after vertebroplasty treatment. With regard to activity-associated pain, 11 patients (22%) reported complete resolution of pain after vertebroplasty, 33 patients (67%) reported a significant reduction in pain, and 4 patients (8%) reported no change in their pain, whereas 1 (2%) reported increased pain immediately after vertebro- plasty treatment. Numeric transformation of these outcome data, as summarized in the Methods section, further simplified analysis of these outcome data over time (Table) and shows that this reduction in pain persists over the year after treatment.
Subjective reporting of narcotic use was also followed in our study, because 56 (84%) of the 67 patients relied on narcotics for pain management before treatment. One week after treatment, 9 patients (16%) reported significant resolution of pain such that they discontinued their narcotic use altogether. 27 patients (49%) reported decreased narcotics use, and 16 patients (29%) reported no change in their narcotic requirements, whereas 3 (5%) reported increased requirements for narcotics after treatment. These relative ratios were used to give a weighted average to summarize the extent of change in narcotic use (Table) and to show that this reduction in narcotic use persisted over the year after treatment.
Determination of the impact of vertebroplasty on postprocedure mobility was measured through self-assessment of preprocedure and postprocedure mobility status. Before treatment, 23 patients (34%) claimed that they were able to walk greater than 1 block without the need to rest or lie down due to pain and or disability, 21 (31%) claimed to be able to walk less than 1 block, 13 (19%) reported restricted movement such that they were often confined to bed, and 6 (9%) reported complete restriction to their bed. One week after treatment, 47 patients (70%) reported some improvement in their mobility, and 13 (19%) reported no change in mobility. After conversion to a numeric score, this improvement in mobility persisted up to 1 year after treatment (Table) . Interestingly, correlation analysis demonstrated that patients with poorer initial mobility were more likely to experience improvement than those patients with good initial mobility (data not shown).
Semiquantitative Outcome Correlation Analysis
In an effort to determine whether the number of affected or treated levels correlated with clinical outcome parameters, we performed nonparametric correlations comparing the number of affected or treated levels with estimates of pain (RDQ and analog pain scale; preoperatively, postoperatively, and at 1 week after treatment), mobility, and cement volume. The results yielded nonsignificant positive correlations between affected and/or treated levels and pain estimates (analog scale rest pain, analog scale activity pain, and RDQ) at all of the time points with 1 notable exception. Specifically, there was a significant (Rho ϭ 0.58) correlation between the number of treated levels and subsequent pain at rest immediately after vertebroplasty. This significant correlation, however, was absent from later time points (Rho Ͻ 0.2). We did not find a significant correlation between the number of affected levels and the mobility before or after treatment. Cement volumes positively correlated with both affected levels, nonsignificantly, and, not surprisingly, treated levels, significantly.
In addition, we sought to determine whether preoperative analog scale and RDQ pain scores possessed predictive value with regard to postoperative outcomes (analog scale pain, RDQ, and mobility). Analysis of the data shows that preoperative analog scale pain at rest scores significantly positively correlated with postoperative pain at rest scores immediately postoperatively and 1 week after treatment (positive correlation was observed Յ6 months; data not shown) in addition to cement volume. No other significant correlations were found to exist between preoperative objective pain measures and perioperative or postoperative outcomes.
Lastly, we studied preoperative imaging findings of grade and fracture type to determine whether they had any correlation on preoperative or postoperative scores and/or outcomes. No significant correlations (Rho values all Ͻ0.2) were observed in preoperative or postoperative pain or disability scores, mobility, narcotic use, or cement volume used during the vertebroplasty procedure.
Discussion
We embarked on this study to better understand the treatment of myeloma patients with vertebroplasty and to better quantify clinical efficacy of this treatment in these patients. Our results show a dramatic improvement in both objective and subjective outcomes. Correlative analysis suggests that long-term outcomes (pain, mobility, and narcotic use) had no significant association with the extent of spinal involvement (eg, focal or diffuse disease), suggesting that both groups equally benefit from vertebroplasty. We also attempted to characterize the types of fractures treated in these patients, with an emphasis on observing the likelihood of underlying myelomatous lesion within the fractured vertebral body. Preoperative imaging studies suggest that "malignant" compression fractures in myeloma patients are quite heterogeneous, with more than 60% of fractures appearing benign, even in the presence of other myelomatous lesions along the spinal axis. Finally, we discovered that most of the patients in this cohort developed symptomatic compression fractures very shortly before seeking treatment. These results suggest that, whereas myeloma can be a slowly progressive process, symptomatic compression fractures often present rather acutely in a manner similar to benign compression fractures.
To date, this report represents the largest study available specifically addressing the role of vertebroplasty in myeloma patients. Although compression fractures are common in myeloma, it is a relatively rare disease, and many compression fractures are asymptomatic. In addition, many previous studies involving myeloma patients were nonspecific and focused on mixed populations of malignant compression fractures of any etiology or did not discriminate between kyphoplasty and vertebroplasty. 18, 19, 23, 26 We intentionally sought to separate myeloma (a primary osteolytic cancer of the vertebral body) from other malignant neoplasms that can invade the spine because their pathophysiologic mechanisms differ and, thus, may confound or bias the results.
Compared with previous studies from our group and oth- Note:-Subjective outcome scores as compared with preoperative status: ϩ2 indicates total improvement; ϩ1, some improvement; 0, no change; Ϫ1, worse. Scores were calculated as described in the Methods section. Mobility and narcotic use were not determined until 1 week had passed after treatment.
ers assessing the efficacy of vertebroplasty in benign compression fractures resulting from osteoporosis, we find similar but not identical short-and long-term outcomes. Specifically, our treated-level analysis (Fig 1A) looks remarkably similar to previous benign compression fracture studies in distribution, 10 suggesting that the prevalence/levels of symptomatic compression fractures in myeloma patients are no different from osteoporotic patients with painful compression fractures. This may be a direct effect of the fact that most of the observed compression fractures appeared focally benign. Compared with previous analog measures of pain at rest and with activity, we observed a similar short-and long-term reduction in scores: pain at rest, with previous study 34 as the second number: (baseline) 3.9 versus 4.1, (1 week) 1.3 versus 1.6, (1 month) 1.3 versus 1.3, (6 months) 0.9 versus 1.0, and (1 year) 1.3 versus 1.7; pain with activity, with previous study 34 as the second number: (baseline) 8.4 versus 8.5, (1 week) 3.1 versus 5.0, (1 month) 4.1 versus 4.4, (6 months) 3.1 versus 3.8, and (1 year) 3.5 versus 3.7, with perhaps more rapid equilibration occurring in the myeloma patient group. 10, 32 Comparable reductions were also observed in RDQ scores postoperatively with similar long-term durability of score reduction: RDQ with previous study 34 as the second number: (baseline) 19.5 versus 18.2, (1 week) 9.1 versus 11.2, (1 month) 10.2 versus 10.5, (6 months) 8.2 versus 8.9, and (1 year) 10.2 versus 11.8. In total, these parallels in data between myeloma and osteoporotic patient groups give us confidence that myeloma patients have similar short-and long-term outcomes to osteoporotic patients.
Certain limitations to this study can be attributed to the nature of retrospective studies where observation bias (eg, postoperative pain reporting) and loss to follow-up can, in some cases, overestimate the significance of a treatment effect. Before the use of methods to quantify pain by using standardized inventories, such as the RDQ and analog pain scales, there were very few reliable methods to properly quantify pain. Now, even despite these improved quantification strategies, pain remains a subjective complaint that may, over time, become better tolerated, leading to a false perception of pain decline over time. Although this effect may play some role in all of the long-term pain studies, the immediate relief offered by vertebroplasty is suggestive of a real benefit that is unlikely to be a result of enhanced pain tolerance. Second, loss to follow-up is a common and vexing problem that faces all longerterm studies. In this study, 38% of patients were lost to follow-up at 1 year and 71% at 2 years. Third, we did not include data regarding the number of patients with myeloma in whom we did not choose to offer vertebroplasty, so there is probably selection bias in this cohort.
Conclusions
Vertebroplasty appears to offer rapid and long-lasting treatment of pain associated with vertebral compression fractures in myeloma patients. In addition, correlation analysis suggests that the extent of spinal involvement of myeloma is unrelated to analog pain scale and RQD pain outcome scores. Taken together, these data show that vertebroplasty is an effective treatment that confers lasting pain relief, enhanced mobility, and reduced narcotic use for all of the stages of myeloma associated with painful compression fractures.
